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The fabrication of the thin piezoelectric layers on the silicon substrate by means of the
pulse dc and the dc magnetron sputtering methods is discussed. The influences of
the different kind of the surface, the conditions of deposition as well as the process of the
thermal stabilising on the properties of the piezoelectric layer were investigated. The
results of the investigations of the diffraction spectrum for the thin ZnO films are presented
and discussed. The selection of the technological process parameters for the production of
the thin ZnO layers in the sensor membranes with the ultrasonic wave generated was
analysed. C© 1999 Kluwer Academic Publishers

1. Introduction
The most common sources of the ultrasonic waves
in the membrane microsensors are the piezoelectric
transducers. The IDT—interdigital transducers consist
of the metallic belt electrodes overlaid on the piezo-
electric surface. These transducers are used to the
generation and detection of the plate waves [1, 2]. The
simplified construction of the membrane sensor is
shown in Fig. 1. The ultrasonic waves, plate type are
generated and propagate in the thin composite mem-
branes. The main elements of the membrane are
(Fig. 1): the crystalline silicon (Si) which is an elas-
tic layer, then the piezoelectric layer, i.e., zinc oxide
(ZnO) and the metallic electrodes of the IDT transduc-
ers which are made of aluminium (Al) [3]. The layer of
the silicon nitride (Si3N4), or the silicon oxide (SiO2)
can be used instead of the silicon layer. The one of
the most common piezoelectric material used is ZnO
which has excellent piezoelectric properties for the thin
layers, and the one of the method of overlaying is the
magnetron sputtering method.

2. The conditions of the ZnO layer deposition
The selections of the deposition conditions as well as
the material of the basis are essential in order to ob-
tain a ZnO layer which has good piezoelectric proper-
ties [4] and the low internal tensions [5]. The methods
of the piezoelectric ZnO layers’ production which are
overlaid on the non-piezoelectric substrates and have
quite large thickness are known i.e., in the sensors
with the surface waves (SAW) [6, 7]. However, for the
sensors with the thin membranes, i.e., the membranes
which thickness is comparable with the thickness of
the ZnO layers, the layers have to have good piezoelec-

tric properties and introduce minimal internal tensions.
The magnetron sputtering method allows to obtain thin
regular layer of ZnO which has good piezoelectric pa-
rameters [8]. It is possible to use the target in a form
of pure zinc or zinc oxide, analytical grade. Depending
on the kind of the material the suitable composition of
the gases is used: for the zinc oxide cathode the argon
is applied, whereas for the zinc cathode the mixture of
the oxygen and argon is used. For the membrane sen-
sors with ultrasonic waves thin, piezoelectric layers are
polycrystalline layers. It is extremely important to ob-
tain suitable orientation of the crystalline structure, i.e.,
c-axis normal to film surface. These films characterise
high resistivity and they have a strong piezoelectric ef-
fect. In the magnetron sputtering method one should
use the proper pressure of gases in the chamber as well
as keep the proper ground temperature. The important
parameters are the density of power that is emitted on
the cathode and the distance between the target and the
ground; these factors vitally influence the ratio of the
ZnO layer deposition. The distance and the location of
target in the relation to the ground will influence regu-
larity of the ZnO film deposition.

In the process of the thin ZnO layer production one
should take into consideration the influence of the
ground properties, especially its crystalline structure.
For sensor membranes which are made on the basis of
crystalline silicon this factor has important significance
because the orientation of the silicon crystalline lattice
in relation to the membrane surface strongly influences
the structure of the polycrystalline piezoelectric layer
[9–11]. In the sensor membranes besides the layers
which have isotropic properties (Si), the anisotropic
layers can also exist, i.e., SiO2 or Si3N4. The order of the
deposited layers as well as their thickness and structure
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Figure 1 The cross section of the sensor membrane with the ultrasonic
plate waves. Al—aluminium electrodes of IDT, ZnO—piezoelectric film
of zinc oxide, Si3N4, SiO2 or Si—elastic layer.

influence the piezoelectric properties of the ZnO film
obtained [12]. The membrane microsensors are pro-
duced on the basis of crystalline silicon. The basic mate-
rials were plates with diameter of 76.2 mm (3 in.) made
of monocrystalline silicon with thickness of 380µm
one-sidedly polished. The rectangular membranes can
be obtained in the process of etching of the anisotropic
silicon,〈100〉 orientation. That is why the〈100〉 silicon
orientation was used to the further investigations.

Using the magnetron sputtering method the ZnO
films were obtained for the different grounds (Table I)
and for the following variable working conditions—the
change of the gas mixture composition, directly current
work (dc) and the pulse current work with the frequency
of 5 kHz (pulse dc) and for different times and different
speeds of deposition:

1. The gas mixture compositions: 50% O2+50% Ar
or 100% O2,

2. DC work or pulse dc magnetron sputtering,
3. The variation of the time and the speed of deposi-

tion. As the results the thickness “h” of the ZnO layers
were in the range 0.8–2.7µm. (Table II).

The other conditions for the ZnO deposition by the
magnetron sputtering method (Table II):

TABLE I The grounds the ZnO layers were produced

Glass
corning Si〈100〉 Si3N4 BSG Al Cr

Ground 0211 (µm) (µm) (µm) (µm) (µm)

a a — — — — —
b — 12 — — 1 —
c — 12 0.1 — — —
d — 12 — — — 0.15
e — 12 — 2.1 — —

aBSG-silicon oxide with the addition of boron (B).

TABLE I I The conditions for the ZnO deposition by the magnetron sputtering method

ZnO P (W/cm2) h (µm) t1 (h) T1 (◦C) p1 (Pa) t2 (h) T2 (◦C) p2 (Pa)

ZnO-1a 2.4 2.7 1.5 200 5 5 320 0.02 50% O2, 50% Ar
ZnO-2b 3.2 1.1 1 200 5 — — — 50% O2, 50% Ar
ZnO-3b 3.2 0.8 0.75 200 5 — — — 50% O2, 50% Ar
ZnO-4b 2.4 0.9 1.3 200 5 — — — 100% O2,
ZnO-5b 3 1.4 0.75 200 5 6 320 0.02 50% O2, 50% Ar

adc magnetron sputtering.
bpulse dc magnetron sputtering.

1. The power for the cathode 100–200 W,
2. The power density “P” at the cathode 2–4 W/cm2,
3. The current density for the magnetron cathode

0.01–0.02 A/cm2,
4. The composition of the gas mixture: 50%O2+

50%Ar, 100%O2,
5. The pressure “p1” during of deposition 5–10 Pa,
6. The temperature “T1” of ground 200◦–250◦C,
7. The time “t1” of the deposition depending on the

film thickness,
8. The time “t2” of warming 0–6 h (h),
9. The time of cooling down 100◦C about 1 h,

10. The warming temperature “T2” 300◦–350◦C,
11. The pressure “p2” during the warming 0.01–

0.02 Pa,
12. The deposition rate 0.1–0.5 nm/s,
13. The target purity Zn 99.99.

As a reference material the glass Corning 0211 type,
was used.

The silicon film was the basic layer for the other
films; metallic layers (Al, Cr) or the amorphous layers
(Si3N4, SiO2).

3. The diffraction characteristics
of the spectra

Five basic types of the ZnO, denote as ZnO-1, ZnO-2,
ZnO-3, ZnO-4, ZnO-5 were investigated. They were
deposited in the processes which were characterised by
the following parameters (Table II).

The diffraction spectra for three different ZnO layers
deposited on the standard Corning 0211 ground are pre-
sented in Fig. 2. The spectra were obtained by means
of Roentgen Cu lamp with the range of the diffraction
angles of 22 30–40◦ (constantKα1=0.154051 nm).

The data for the crystalline ZnO lattice in the hexag-
onal configuration: Ao=0.3249 nm, Co=0.5205 nm,
22=34.438◦ for 〈002〉 direction, 22=31.749◦ for
〈100〉 direction, 22=36.250◦ for 〈101〉 direction.

The diffraction spectra for the five different ZnO lay-
ers, deposited on the silicon ground with aluminium
(ground b—chapter 2) and the diffraction spectrum of
the ground itself are shown in Fig. 3. The strongest
texture is observed for the ZnO-1 lager (according to
the data for the ZnO crystalline lattice of the hexagonal
arrangement the strongest orientation in〈002〉 direc-
tion was observed). The influence of the aluminium
layer (deposited by means of the magnetron sputtering
method) on the silicon ground on the spectrum charac-
teristic is also presented in the Fig. 3.
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Figure 2 X-ray diffraction patterns for three different ZnO layers on the
standard (Corning 0211) ground. (1) ZnO-1 layer, (2) ZnO-3 layer, (3)
ZnO-4 layer.

Figure 3 X-ray diffraction patterns of ZnO for four different layers: (1)
ZnO-1, (2) ZnO-2, (3) ZnO-3, (4) ZnO-4 on the silicon base with the
aluminium film (base “b”) and for the ground itself (5).

The comparison of the ground influence on the ZnO
layer texture is shown in Fig. 4. Much better piezoelec-
tric parameters (stronger orientation of thec-axis in
the normal direction were obtained for the glass base).

Figure 4 X-ray diffraction patterns for the ZnO-1 layer on the glass
Corning 0211 (1), on the “b” ground (Si+Al) (2) and the spectrum of
the ground “b” itself (3).

The ground made of crystalline〈100〉 silicon covered
with the aluminium layer makes the condition of crys-
talline ZnO lattice formation worse. The base made of
the amorphous glass allows to obtain better texture of
the layer in〈002〉 direction. For ZnO-1 layer the thick-
ness of the layer was the greatest and in this case the
process of warming was carried out (Fig. 2). The ZnO-
3 layer had about three times smaller thickness and in
this case there was hot warming. The ZnO-4 layer had
weaker texture (Fig. 2) in comparison with the ZnO-3
layer. It could be the result of the applied gas mixture
composition. Increasing of the layer thickness as well
as using the warming process make the film orientation
and the piezoelectric parameters of the layer better. The
change of the feed work mode from dc to pulse dc had
not any noticeable importance. For the future investiga-
tions the ZnO-1 layer was chosen. During the process
of its deposition the power density was increased (25%)
the time of warming was longer (20%) and the temper-
ature of the ground was higher (10%). This layer was
denoted as ZnO-5.

The diffraction spectra of the ZnO-5 layer deposited
on three different grounds: (1) silicon/silicon oxide
(“e”-ground chapter 2), (2) silicon/chromium (“d”-
ground chapter 2), (3) silicon/silicon nitride (“c”-
ground chapter 2) are presented in Fig. 5. The chromium
layer was deposited on the silicon film by means of the
magnetron sputtering method. The best texture was ob-
tained for the ZnO-5 layer on the silicon/silicon oxide
ground, that is followed by the ZnO-5 layer on the sil-
icon/silicon nitride ground.

The resistivity of the ZnO layers on the glass ground
were equal to the following values (Table III).

In the applications in which the piezoelectric prop-
erties of the layers are substantial for ZnO existing in
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TABLE I I I The resistivity of the ZnO layers on the glass ground

ZnO ZnO-1 ZnO-2 ZnO-3 ZnO-4 ZnO-5

ρ (Äm) (1-10)108 (2-10)1011 (8-20)1011 (2-10)1011 (4-10)108

Figure 5 X-ray diffraction patterns for the ZnO-5 layer on the “e” ground
(BSG) (1), on the “d” ground (Si+Cr) (2) and on the “c” ground
(Si+Si3N4) (3).

the polycrystalline form it is important for itsc-axis to
be normal to the ground surface. In the hexagonal crys-
talline lattice it corresponds with〈002〉 direction and
such texture shows the best piezoelectric parameters
(high electromechanical coupling).

4. Conclusions
Many ZnO samples were produced and investigated un-
der the different technological conditions. They were
deposited on the different grounds. The most inter-
esting diffraction spectra for the different samples are
presented in Figs 2–5. Basing on the results of these
investigations the following conclusions were found
out:

1. The texture of the ZnO layer gets better when the
thickness of the layer (in〈002〉) direction increases,

2. The texture of the ZnO layer increases after ap-
plying the warming process,

3. The influence of the metallic layers, aluminium,
chromium is noticeable. These layers make the ZnO
texture worse.

4. For the Zn target applied the better parameters
were obtained for the gas mixture composition:
50% O2+50% Ar,

5. The introducing of the amorphous ground (i.e.,
glass, BSG, silicon nitride) considerably increases the
ZnO texture,

6. The best parameters were obtained for the ZnO-1
and ZnO-5 layers,

7. The influence of the magnetron work, dc or dc
pulse (kHz) has less importance.

The choice of the proper technology is depended on
the material of the sensor membrane. For membranes
made of the crystalline silicon one should use the buffer
layer from the silicon nitrides (about 0.1µm). There is
no need to introduce the additional layers for mem-
branes made of the silicon oxide with boron (BSG).
Also the membranes made of silicon nitride can be
direct ground for zinc oxide. The application of the
metallic layers need the deposition of the buffer film
i.e., silicon oxide or silicon nitride layers.
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